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(57) ABSTRACT 

A method and apparatus for calculating the Surface distance 
between two geographical locations are described. According 
to one aspect of the present invention, values are stored in a 
square look-up table for determining the square of a value. 
Also, values are stored in a linear to surface distance look-up 
table for determining the surface distance of a linear value. 
Cartesian co-ordinates of the two geographic locations and 
the square look-up table are then used to calculate the square 
of the linear distance between the two geographical locations 
and the linear to Surface distance look-up table is used to 
convert the calculated square of the linear distance to a Sur 
face distance. 

12 Claims, 4 Drawing Sheets 
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1. 

AUTOMATED METHOD AND SYSTEM TO 
CALCULATE THE SURFACE DISTANCE 
BETWEEN TWO GEOGRAPHICAL 

LOCATIONS, AND TO FILTER A DATASET 
BASED ON THE CALCULATION 5 

BACKGROUND OF THE INVENTION 

An embodiment relates to a method and system to calculate 
the Surface distance between two geographical locations, and 10 
to the automated filtering of a data set based on calculated 
geographic distances. 

SUMMARY OF THE INVENTION 
15 

In one embodiment, a method and apparatus for calculating 
the Surface distance between two geographical locations, val 
ues are stored in a square look-up table for determining the 
square of a value. Also, values are stored in a square of linear 
to surface distance look-up table for determining the Surface 20 
distance of a linear value. Cartesian co-ordinates of the two 
geographic locations and the square look-up table are then 
used to calculate the square of the linear distance between the 
two geographical locations and the linear to surface distance 
look-up table is used to convert the calculated square of the 25 
linear distance to a surface distance. 

According to another aspect of the present invention, a 
computer readable medium is provided which comprises 
instructions, which when executed on a processor, cause the 
processor to perform the abovementioned method. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of two geographic loca 
tions and the distance between them to be calculated using an 35 
exemplary embodiment of the present invention; 

FIG. 2 is a schematic illustration of the modules and data 
structures of an exemplary embodiment of the present inven 
tion; 

FIG. 3 is a flowchart illustrating a method to retrieve and 40 
process a search result set, according to an exemplary 
embodiment of the present invention; 

FIG. 4 is a flowchart illustrating an automated method of 
calculating the Surface distance between two geographical 
locations using Cartesian co-ordinates, according to an exem- 4s 
plary embodiment of the present invention; and 

FIG. 5 is an example of a computer system upon which one 
embodiment of the present invention may be implemented. 

DESCRIPTION OF AN EMBODIMENT 50 

In the following description, for purposes of explanation, 
numerous specific details are set forth in order to provide a 
thorough understanding of the present invention. It will be 
evident, however, to one skilled in the art that the present ss 
invention may be practiced without these specific details. 

Referring to FIG. 1, an exemplary embodiment relates to a 
method of calculating the Surface distance between two geo 
graphical locations, for example, the Surface distance 
between San Francisco 10 and Cape Town 12. 60 

It will be appreciated that this is for exemplary purposes 
only and that the present invention can be used to calculate the 
Surface distance between any two geographical locations 
including locations that are much closer to one another then 
the locations illustrated in FIG. 1. 65 

Referring to FIG. 2, the figure illustrates schematically a 
distance calculation engine 14 which is a Software imple 

2 
mented engine comprising an input interface module 16, a 
linear distance calculation module 18 and a linear to Surface 
distance look up module 20. 
The software uses data stored in the data tables schemati 

cally illustrated in the figure, being a square look-up table 22, 
and a square of linear to Surface distance look-up table 24. 
The square look-up table 22 stores values for determining the 
square value. The square of linear to surface distance look-up 
table 24 stores values to convert the square of the linear 
distance to a surface distance. 

In operation, the distance calculation engine 14 is passed 
the Cartesian co-ordinates (x, y, Z) and (x, y, z) of the 
two geographic locations. 

These co-ordinates can either be received directly from a 
user requesting a distance calculation or alternatively the 
co-ordinates can be obtained by mapping the earth onto a 
Cartesian plane so that each geographic location on the earth 
is allocated Cartesian co-ordinates. 
The (x,y,z) are initially calculated assuming the center of 

the earth as (0,0,0), which gives X.y.z. for any point on the 
earth in the range of -R to +R, where R is the radius of the 
earth. For data normalization purposes, R is added to each of 
X.y and Z so that the range of each becomes from 0 to +2R, 
which is the same as 0 to D (Dbeing the diameter of the earth). 
One benefit of the algorithm is realized when there is a 

pre-defined data set of points, and the Cartesian co-ordinates 
of all points from the latitude and longitude have been pre 
calculated. 
An exemplary embodiment of the calculation module 18 

that converts latitude/longitude into the corresponding Car 
tesian co-ordinates and also does the above-mentioned nor 
malization is: 

x=Radius (1.0+cos (latitude)*cos (longitude)) 

y=Radius (1.0+cos (latitude)*sin (longitude)) 

z=Radius' (1.0+sin (latitude)) 

In any event, the Cartesian co-ordinates are used to calcu 
late the square of the linear distance between the two geo 
graphic locations using the following formula: 

In order to calculate the various parts of the formula, the 
square look-up table 22 is used. This reduces the processing 
requirements needed to calculate this information. 

Using the look-up tables to perform the square calculation 
avoids having to actually perform this calculation that would 
be more processor intensive. The use of the tables eliminates 
any arithmetic operation besides addition and Subtraction for 
the calculation. 

The result of the square of the linear distance calculation is 
passed to the linear to Surface distance look up module 20, 
which uses the information in its associated table 26 to con 
Vert the square of the linear distance to Surface distance that is 
then output. It will be appreciated that by converting directly 
from the square of the linear distance directly to the surface 
distance the need to calculate the square root of the linear 
distance is avoided which reduces the processing require 
mentS. 

An example case is as follows. Assuming the average 
radius of the earth as 3960 miles, resulting in a diameter of 
7920 miles. (x,y,z) for each point is saved in a data set with an 
accuracy of 1 mile, so X.y.z will be positive numbers without 
any fractional component, and each of x,y and Z can range 
from 0 to 7920. 
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To find the distance between two points 1 and 2, the differ 
ence between each of X.y, and Z is calculated and each differ 
ence is squared to get the square of linear distance between 
the two points, as follows: 

Because each of x,y,z can range from 0 to Dat the most, the 
values of dx.dy.dz can range from 0 to D at the most. There 
fore, to find the square of dx without actually having to do a 
multiplication, the square look-up table 22 is used, which has 
7920+1 (D+1) entries, where each entry holds the square of 
the value that is the position of that entry in the table. 

For example, the Zeroeth entry in the table will contain the 
value Zero, the next entry will contain 1, the next entry at 
position 2 will contain 4, and the last at position 7920 will 
contain a value of 7920 7920=627264.00. The table will thus 
contain 7921 entries. Each entry will require 4 bytes of 
memory, resulting in a memory requirement of 31684 bytes 
or approximately 32 Kilobytes of computer memory. 

Therefore, finding out 12 above includes looking up the 
squares of dx.dy.dz in the look up table, and adding them up. 
Now, using the above square of linear distance, the actual 

surface distance between the two points needs to be found 
using the other look up table. 

The minimum value of 12 from the above will never be 
below zero, and the maximum value will never be greater than 
the square of the diameter of the earth (because no two points 
on a sphere can be farther apart than being diametrically 
opposite), which is 7920*7920-627264.00. 

In one embodiment, the linear to Surface distance look-up 
table 24 has 62726400 entries, where each entry contains the 
Surface distance corresponding to that square of linear dis 
tance. However, this would require a relatively large amount 
of memory and the memory requirement can be reduced 
without much loss of accuracy if only 1 out of every 4 entries 
in this table is kept. This implies a table size of 627264.00/ 
4=15681600, or approximately 16 million entries. Each entry 
requires 2 bytes that will result in a memory requirement of 
approximately 32 Megabytes. 
The first element in the table 24 will contain the surface 

distance corresponding to a square of linear distance of Zero, 
the second will have the Surface distance corresponding to 
square of linear distance of 4, the next for 8 and so on. Thus, 
the position of a desired entry in the table 24 can be obtained 
by simply dividing the square of linear distance by 4. Since 
dividing/multiplying by powers of 2 is easily accomplished in 
a digital computer, this step does not add much to the com 
putation expense. 
The above Suffices if the accuracy requirement is not great 

for very large distances (i.e., more than halfway around the 
earth). Depending upon the accuracy with which the Carte 
sian co-ordinates (x,y,z) have been saved for each point in our 
set, the accuracy of the Surface distance calculated with this 
algorithm decreases when the two points are almost diametri 
cally opposite to each other on the earth. For example, if 
(x,y,z) have been saved with an accuracy of one mile, then for 
any two points A and B, the Surface distance accuracy 
between A and B is better than 2 miles over almost the entire 
surface, but suddenly drops off to a 100 miles when B is 
almost diametrically opposite to A. If high accuracy is 
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4 
required even for large distances then, in one embodiment, a 
simple symmetry can be utilized as follows. 

Referring to FIG.3, whenever the distance between A and 
B is more than half-way around the earth, then: 
1. Find A', the exact diametrically opposite point to A (x,y,z) 
2. This can be found by simple math (where D is the diameter 

of the earth): 

3. Now find the surface distance S', between A' and Busing 
the original algorithm. 

4. Subtract this from the known surface distance between two 
diametric opposite points on the earth, which gives S, the 
accurate surface distance between A and B. 
The interaction between the modules and the tables seeks 

to efficiently calculated geographic distance, and avoid com 
plex trigonometric equations to calculate the Surface distance 
between the two geographic locations. 

It has been found that one embodiment of the above algo 
rithm allows the computation of distances of 5 million points 
anywhere on the Surface of the Earth from any given point in 
less than /10" of a second with an accuracy of less than two 
miles. Higher accuracy can be achieved with additional com 
puter memory, for example. 
The above-mentioned methods may find particular appli 

cation in the field of on-line commerce Such as an online 
shopping sites, an online auctioning site, an online e-com 
merce site, an online person-to-person trading site, or the like. 

For example, a user wishing to know which stores are 
within a predetermined radius of their home may enter their 
home location and the predetermined radius. 
The software is thenable to calculate the distance between 

the home location and each of a plurality of stores (or other 
seller locations) to determine if they are within the predeter 
mined radius. 

This is achievable using an embodiment of the present 
invention due to the efficient manner in which the distance is 
calculated, as this calculation would otherwise require com 
paratively larger processing resources. 

Another example would be to calculate the distance 
between two points to determine a delivery charge. This will 
have application for both a land delivery charge and a sea 
delivery charge. 

FIG.3 illustrates a method to retrieve and process a search 
result set, according to an exemplary embodiment of the 
present invention. 
A search request is received 28 with search parameters. 

The search parameters will typically include an item that is 
being searched for and a distance criteria being the maximum 
distance that the located item must be from the origin loca 
tion. 
A result set is retrieved 30 without the distance criteria 

applied. The results set will be n number of items large. 
The search resultis obtained using a software implemented 

Search engine. 
A loop variable 1 is set at Zero 32. 
For each item, the Cartesian co-ordinates of the item are 

located 34. This is either located by performing a look-up in 
a zip code table 36, performing a look-up in a town/city table 
38 or performing a look-up in a GPS table 40. 
The Cartesian co-ordinates for the origin location are cal 

culated 42 and the linear to surface distance calculation algo 
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rithm as has been described above and which is also detailed 
below with reference to FIG. 4 is applied 44. 
A decision is then made 46 whether the surface distance is 

outside the maximum distance specified in the search request. 
If the Surface distance is outside the maximum distance, the 
item is excluded from the results set 48 while if the surface 
distance is within the maximum distance then the item is 
included in the results set 50. 
The decision is effected by a software implemented filter 

module. 
The procedure loops through and calculates the distance 

for each item until the loop variable equals the number of 
items 52 in which case the distance of each located item has 
been calculated. 

The results set is sorted by surface distance 54 and pre 
sented to the user 56. 

Referring now to FIG. 4, the figure illustrates an embodi 
ment of calculating the Surface distance between two geo 
graphical locations. 

Cartesian co-ordinates for two geographic locations are 
received 58 in the form of (x, y, z) and (x, y, z). The 
difference values between the co-ordinates are calculated 60 
being (XI-X) and (y-y) and (Z-Z). 

Using the square look-up table 22, the square of each 
difference value is calculated 62. The square of each differ 
ence value is then added together to get a total squared value 
64. 

Next, the linear to surface distance look-up table 24 is used 
to convert the total squared linear distance to the Surface 
distance 66 and the surface distance is output 68. 

FIG. 5 shows a diagrammatic representation of machine in 
the exemplary form of a computer system 72 within which a 
set of instructions, for causing the machine to perform any 
one or more of the above methodologies may be executed. In 
alternative embodiments, the machine operates as a standal 
one device or may be connected (e.g., networked) to other 
machines. In a networked deployment, the machine may 
operate in the capacity of a server or a client machine in 
server-client network environment, or as a peer machine in a 
peer-to-peer (or distributed) network environment. The 
machine may be a server computer, a client computer, a 
personal computer (PC), a tablet PC, a set-top box (STB), a 
Personal Digital Assistant (PDA), a cellular telephone, a web 
appliance, a network router, Switch or bridge, or any machine 
capable of executing a set of instructions (sequential or oth 
erwise) that specify actions to be taken by that machine. 
Further, while only a single machine is illustrated, the term 
“machine' shall also be taken to include any collection of 
machines that individually or jointly execute a set (or multiple 
sets) of instructions to perform any one or more of the meth 
odologies discussed herein. 
The exemplary computer system 72 includes a processor 

74 (e.g., a central processing unit (CPU) a graphics process 
ing unit (GPU) or both), a main memory 76 and a static 
memory 78, which communicate with each other via a bus 80. 
The computer system 72 may further include a video display 
unit 82 (e.g., a liquid crystal display (LCD) or a cathode ray 
tube (CRT)). The computer system 72 also includes an alpha 
numeric input device 84 (e.g., a keyboard), a cursor control 
device 86 (e.g., a mouse), a disk drive unit 88, a signal gen 
eration device 90 (e.g., a speaker) and a network interface 
device 92. 
The disk drive unit 88 includes a machine-readable 

medium.94 on which is stored one or more sets of instructions 
(e.g., Software 96) embodying any one or more of the meth 
odologies or functions described herein. The software 96 may 
also reside, completely or at least partially, within the main 
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6 
memory 76 and/or within the processor 74 during execution 
thereof by the computer system 72, the main memory 76 and 
the processor 74 also constituting machine-readable media. 
The software 96 may further be transmitted or received 

over a network 98 via the network interface device 92. 
While the machine-readable medium 94 is shown in an 

exemplary embodiment to be a single medium, the term 
“machine-readable medium'should be taken to include a 
single medium or multiple media (e.g., a centralized or dis 
tributed database, and/or associated caches and servers) that 
store the one or more sets of instructions. The term “machine 
readable medium’ shall also be taken to include any medium 
that is capable of storing, encoding or carrying a set of instruc 
tions for execution by the machine and that cause the machine 
to perform any one or more of the methodologies of the 
present invention. The term “machine-readable medium’ 
shall accordingly be taken to include, but not be limited to, 
Solid-state memories and optical and magnetic media. 

Thus, a method and system to calculate the Surface distance 
between two geographical locations have been described. 
Although the present invention has been described with ref 
erence to specific exemplary embodiments, it will be evident 
that various modifications and changes may be made to these 
embodiments without departing from the broader spirit and 
Scope of the invention. Accordingly, the specification and 
drawings are to be regarded in an illustrative rather than a 
restrictive sense. 

What is claimed is: 
1. An automated method comprising: 
determining, using look-up tables, a Surface distance 

between two geographical locations by, 
storing values in a square look-up table for determining 

the square of a value; 
storing values in a squared linear to surface distance 

look-up table for determining the surface distance of 
a linear value; 

using Normalized Cartesian co-ordinates of the two geo 
graphic locations and the square look-up table to cal 
culate the square of the linear distance between the 
two geographical locations, the Normalized Cartesian 
co-ordinates obtained by adding to each of Cartesian 
co-ordinates X, Y, and Za value of earth radius; 

using the squared linear to surface distance look-up table 
to convert the calculated square of the linear distance 
between the two geographical locations to a Surface 
distance value between the two geographical loca 
tions; and 

outputting the Surface distance value between the two geo 
graphical locations. 

2. The method of claim 1 further including calculating 
Normalized Cartesian co-ordinates of the two geographic 
locations, by converting the two geographical locations to 
Normalized Cartesian co-ordinates. 

3. The method of claim 1 further including receiving a 
request from a user to calculate the distance between two 
geographical locations. 

4. The method of claim 1 further including receiving dis 
tance criteria from a user and determining if the Surface 
distance falls within the distance criteria. 

5. The method of claim 1 further including: if the calculated 
Surface distance is a distance greater than the Surface distance 
of the diameter of the Earth, then recalculating the surface 
distance by: 

determining the location of a point on the Earth's Surface 
diametrically opposite one of the two geographic loca 
tions; 
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calculating the Surface distance from the diametrically 
opposite point to the other of the two geographical loca 
tions; and 

Subtracting the calculated Surface distance from the Surface 
distance of the Earth's diameter to more accurately cal- 5 
culate the distance between the two geographic loca 
tions. 

6. A machine-readable medium comprising instructions, 
which when executed by a machine, cause the machine to 
perform a method comprising: 10 

determining the Surface distance between two geographi 
cal locations by, 
storing values in a square look-up table for determining 

the square of a value; 
storing values in a squared linear to surface distance 15 

look-up table for determining the surface distance of 
a linear value; 

receiving a request to calculate the distance between two 
geographical locations; 

using Normalized Cartesian co-ordinates of the two geo- 20 
graphic locations and the square look-up table to calcu 
late the square of the linear distance between the two 
geographical locations, the Normalized Cartesian co 
ordinates obtained by adding to each of Cartesian co 
ordinates X, Y, and Za value of earth radius; 25 
using the squared linear to surface distance look-up table 

to convert the calculated square of the linear distance 
between the two geographical locations to a Surface 
distance value between the two geographical loca 
tions; and 30 

outputting the Surface distance value between the two geo 
graphical locations. 

7. A computerized system to calculate, using look-up 
tables, a Surface distance between two geographical loca 
tions, the system comprising: 35 

a database to store values in a square look-up table for 
determining the square of a value, and values in a 
squared linear to Surface distance look-up table for 
determining the Surface distance of the square of a linear 
value; 40 

a processor to use Normalized Cartesian co-ordinates of 
the two geographic locations and the square look-up 
table to calculate the square of the linear distance 
between the two geographical locations, and to use the 
squared linear to Surface distance look-up table to con- 45 
vert the calculated square of the linear distance between 
the two geographical locations to a surface distance 
value between the two geographical locations, the Nor 
malized Cartesian co-ordinates obtained by adding to 
each of Cartesian co-ordinates X, Y, and Za value of 50 
earth radius; and 

an output device to output the Surface distance value 
between the two geographical locations. 

8. A computerized system to calculate, using look-up 
tables, a Surface distance between two geographical loca- 55 
tions, the system comprising: 

first means for storing values in a square look-up table for 
determining the square of a value, and values in a 
squared linear to Surface distance look-up table for 
determining the Surface distance of a square of a linear 60 
value; 

second means for using Normalized Cartesian co-ordinates 
of the two geographic locations and the square look-up 
table to calculate the square of the linear distance 
between the two geographical locations, and for using 65 
the squared linear to Surface distance look-up table to 
convert the calculated square of the linear distance 

8 
between the two geographical locations to a surface 
distance value between the two geographical locations, 
the Normalized Cartesian co-ordinates obtained by add 
ing to each of Cartesian co-ordinates X,Y, and Za value 
of earth radius; and 

third means for outputting Surface distance value between 
the two geographical locations. 

9. A method to filter a search result set using distance 
criteria, the method including: 

receiving a search request with search parameters, the 
search request including distance criteria; 

retrieving a result using the search parameters, the result 
including a list of items and associated geographical 
locations; 

determining Normalized Cartesian co-ordinates for an ori 
gin location, the Normalized Cartesian co-ordinates 
obtained by adding to each of Cartesian co-ordinates X, 
Y, and Za value of earth radius; 

determining the Normalized Cartesian co-ordinates for the 
geographical location associated with each of the items; 

using the Normalized Cartesian co-ordinates of the origin 
location and of the geographical location associated 
with each of the items to calculate a linear distance from 
the origin location to the geographical location of each 
of the items; 

converting the calculated linear distances to Surface dis 
tances from the origin location to the geographical loca 
tion of each of the items; 

determining whether the Surface distance from the origin 
location to the geographical location of an item falls 
within the distance criteria: 

for cases where it is determined the surface distance from 
the origin location to the geographical location of an 
item falls within the distance criteria then including the 
item in a result set; and 

outputting the result set. 
10. The method of claim 9 further including: 
storing values in a square look-up table for determining the 

square of a value; 
storing values in a squared linear to Surface distance look 
up table for determining the Surface distance of a linear 
value; 

using the square look-up table to calculate the square of the 
linear distances; and using the squared linear to Surface 
distance look-up table to convert the calculated square of 
the linear distances to Surface distances. 

11. A machine-readable medium comprising instructions, 
which when executed by a machine, cause the machine to 
perform a method to filter a search result set using distance 
criteria, the method comprising: 

receiving a search request with search parameters, the 
search request including distance criteria; 

retrieving a result set using the search parameters, the 
result set including a list of items and their geographical 
locations; 

determining Normalized Cartesian co-ordinates for an ori 
gin location, the Normalized Cartesian co-ordinates 
obtained by adding to each of Cartesian co-ordinates X, 
Y, and Za value of earth radius; 

determining the Normalized Cartesian co-ordinates for the 
geographical location of each of the items; 

using the Normalized Cartesian co-ordinates of the origin 
location and of the geographical location of each of the 
items to calculate a linear distance from the origin loca 
tion to the geographical location of each of the items; 



US 7,395,257 B2 

converting the calculated linear distances to Surface dis 
tances from the origin location to the geographical loca 
tion of each of the items; 

determining whether the Surface distance from the origin 
location to the geographical location of an item falls 
within the distance criteria; 

for cases where it is determined the surface distance from 
the origin location to the geographical location of an 
item falls within the distance criteria then including the 
item in a result set; and outputting the result set. 

12. A computerized system to filter a search result set using 
distance criteria, the system comprising: 

a search engine for receiving a search request with search 
parameters, the search request including distance crite 
ria, and retrieving a result set using the search param 
eters, the result set including a list of items and their 
geographical locations: 
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a processor to use Normalized Cartesian co-ordinates of an 

origin location and the geographic location of each item 
in the list of items to calculate a linear distance between 
the origin location and the geographical location of each 
of the items, and to convert the calculated linear distance 
to a surface distance between the origin location and the 
geographic location of each item, the Normalized Car 
tesian co-ordinates obtained by adding to each of Car 
tesian co-ordinates X, Y, and Za value of earth radius; 

a filter to filter out from the result set those items whose 
surface distances do not fall within the distance criteria; 
and 

an output device to output the result set. 


